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purpose other than I n  connection w i t h  8 d e f f n l t e l y  related Government procure- 
ment operat ion, the UnI ted States Government thereby f ncurs no responsl b i  I f t y  
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3. D E S I G N  

a 
l -  

The a i r  condit ioner is s imi la r  t o  a u n i t  recent ly developed f o r  the 

U.S. Air Force which Is shown i n  Photograph 39089-4. Pert inent 

di f ferences are described I n  Section 6 o f  t h i s  report .  These were 

p r imar i l y  changes In the rec l r cu la t i on  a i r  c l r c u i t  t o  match the t1ASA 

a i r  flow requirements, explosion proof capabtl l ty, end 60-cps instead 

o f  400-cpr power f o r  h a t i n g .  

A l l  caaparrrntr were a ~ l y z s d  by Alkrrsoarth for explorlan-p+oof -- 
b i l i t y  i n  accordance w i t h  the requirements o f  Paragraph 5 . 3 . 1  o f  

M I l I t a r y  Speci f icat ion MIL-E-5272C and Amendment ( I ) .  

the condenser and rec i rcu la t ion  fans were modified t o  meet explosion 

proof r q u l  ranents. A1 1 other e l e c t r i c a l  components meet explosion- 

proof requirements I n  t h a t  they e i the r  (a)  con t r ln  no arcing parts  
o r  relays1 (b) are hormet ical ly sealed, or (c)  are capable o f  se l f -  

contained explosion without propogatlon i n  an a i r - f ue l  mixture 

atmosphere. A s t r i p  heater was successful ly subjected t o  exploslon 

tes t  as described In  Paragraph 8.1. Therefore, the a i r  condl t i one r  

1 s considered capable o f  meet ing MIL-E-5272C ( I ) ,  Paragraph 5.3. I ,  

explosion proof requi r a n t s  ( a i  r - fue l  atmosphere). 

As a resul t ,  

4. SYSTEH OPERATION 

The schematic arrangement of the system i s  shown i n  Figure 2. 

The operation of the system i s  contro l led by a manual master selector 

sw1 t ch  located on the package control  panel (see Figure I ) .  This 

selector has three pos l t lons:  ( 1 )  OFF, ( 2 )  VENT, and (3) WTO. 

The OFF pos i t fon  shuts o f f  all e l e c t r i c a l  power supply t o  the package. 

With the swltch i n  the VENT posit ion, the rec l r cu la t i on  a i r  fans are 

energlzed but these are the only package cmponmts operating. 

t i o n  of the AUTO mode br ings the remainder o f  the package conponents 

l n t o  operation and provides varying degrees of cool ing or heating, 

according t o  the demands o f  the temperature contro l  system. 

Selec- 
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4. I Cool ing  O p e r a t i o n  

I f  t h e  temperature c o n t r o l  s y s t e m  d a n d s  c o o l l n g  o p e r a t i o n ,  t h e  

c o n d e n s e r  a i r  fms  a r e  e n e r g i z e d  as soon as  WTO Is s e l e c t e d .  A 

t l m e  d e l a y  r e l a y  p r e v e n t s  t h e  F reon  compressor from s t a r t i n g  u n t i l  

20 s e c o n d s  a f t e r  s t a r t  of t h e  c o n d e n s e r  f a n s .  Dur lng  c o o l i n g  opera- 

t i o n  t h e  F reon  compressor, t h e  c o n d e n s e r  a i r  f a n s  and t h e  r e c i r c u l a -  

t l o n  a i r  f a n s  Operate c o n t i n u o u s l y .  I n  t h e  F reon  c l r c u l t ,  s u p e r -  

h e a t e d  F reon  114 vapor  is drawn i n t o  t h e  compressor where  mechanical 
compress ion  raises t h e  e n e r g y  l e v e l  o f  t h e  e n t e r i n g  g a s  t o  a p r e s s u r e  
and a t w p e r a t u r c  h i g h  enough f o r  c o n d e n s a t f o n  t o  t a k e  p l a c e  i n  t h e  

c o n d e n s e r .  I n  t h e  condensor ,  t h e  ho t  compressed  gas c o n d e n s e s  by 

r e j e c t i n g  h e a t  to  t h e  ambient  a i r ,  which  Is drawn t h r o u g h  t h e  a l r  

p a s s a g e s  of t h e  c o n d e n s e r  by t h e  c o o l i n g  a i r  f a n s .  The condensed  

F reon  l i q u i d  f l o w s  from t h e  bot tom man i fo ld  of t h e  c o n d e n s e r  I n t o  t h e  

r e c e i v e r ,  and from t h e r e  t o  t h e  l i q u i d  p o r t  of t h e  Freon  c o n t r o l  v a l v e ,  
v l a  t h e  s u b c o o l e r - s u p e r h e a t e r .  T h i s  l a t t e r  u n i t  t r a n s f e r s  h e a t  f r o m  
t h e  l i q u i d  Freon  l e a v i n g  t h e  c o n d e n s e r  t o  t h e  g a s s o u s  Freon  e n t e r i n g  

t h e  compressor and e n s u r e s  t h a t  any  l i q u i d  c a r r l e d  o v e r  from t h e  
e v a p o r a t o r  w l  I 1  be e v a p o r a t e d  b e f o r e  r e a c h l n g  t h e  compressor. 

The  F reon  c o n t r o l  v a l v e  m o d u l a t e s  t h e  c o o l i n g  c a p a c i t y  o f  t h e  evap-  

orator  by r e g u l a t i n g  t h e  m i x t u r e  r a t i o  o f  l i q u i d  and g a s e o u s  F reon  

e n t e r i n g  t h e  e v a p o r a t o r .  Dur ing  maxlmum c o o i l n g  demand, t h e  gas p o r t  
of t h e  v a l v e  i s  c l o s e d  and o n l y  l i q u i d  F reon  e n t e r s  t h e  e v a p o r a t o r .  

As t h e  c o o l i n g  demand d l m l n i s h e s ,  t h e  t w e r a t u r e  c o n t r o l  sys t em modu- 

l a t e s  t h e  Freon  c o n t r o l  v a l v e  t o  admi t  p r o g r e s s i v e l y  more g a s e o u s  

F reon  and less l i q u i d  Freon  t o  t h e  e v a p o r a t o r .  The e v a p o r a t o r  c o o l i n g  

c a p a c i t y  Is t h u s  a u t o m a t i c a l l y  a d j u s t e d  t o  t h e  roducsd  c o o l i n g  l o a d .  

4 . 2  H e a t i n g  O p e r a t l o n  

A t  some I n t e r m e d i a t e  p o i n t ,  t h e  e v a p o r a t o r  c o o l i n g  c a p a c i t y  i s  reduced  

t o  zero and f u r t h e r  i n c r e a s e s  i n  t h e  amount o f  g a s e o u s  Freon  s u p p l i e d  

AAC-4209-R 
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resu l t s  i n  the evaporator act lng as a heater f o r  the rec i rcu lated 

a i r .  A t  the f u l l e s t  extent of  i t s  t ravel ,  the Freon contro l  valve 

admits only gesoour Freon t o  the evaporator. 

e ra t i on  system contro l  provides smooth t r a n s i t i o n  from cool ing t o  heat 

by u t i l i z i n g  the compressor power t o  provide some heating. 

This method o f  r e f r i g -  

I f  f u r the r  heating demands are made, the temperature contro l  system 

s ignals  are t ransferred from the Freon contro l  valve t o  a programer 

switch, which i s  a motor-driven, ro ta ry  sequencing device. The i n i t i a l  

act ion o f  the programer i s  t o  shut o f f  the Freon compressor and the 

condenser a l r  fans. Thereafter, I t provides step contro l  f o r  the elec- 

t r i c  heater t o  obta in  varlous leve ls  o f  heater power input. 

If the temperature contro l  system c a l l s  for a change from heating t o  

cool ing mode, the sequence o f  events i s  reversed. The programer steps 

dawn the heater input power u n t i l  zero input i s  reached, and then 

switches on the condenser a i r  fans and the Freon compressor and t ran r -  

fers contro l  t o  the Freon contro l  valve. 

A temperature selector switch on the package contro l  panel allows the 

operator t o  select  any re tu rn  a i r  temperature between 60'F and 85'F. 

A manual damper contro l  e l  lows varying amounts o f  f resh a i  r t o  be 
mixed w i t h  the rec i rcu lated a l r  If desired. 

5. DESCRIPTIO# OF COMPONENTS 

A l i s t  o f  the eleven major package components I s  presented i n  Figures 
I and 2. This sect ion o f  the report  g ives a descr ip t lon  o f  the major 

components used i n  the package. 

5. I Ref r i go ra t  Ion System 

The r e f r l g e r a t i o n  system consists o f  the Freon contro l  valve, evep- 

orator, subcooler-superheater, compressor, condenser, Condenser a i  r 
fans, receiver, and condenser pressure con t ro l l e r .  Where possible, 

f l e x i b l e  synthet ic  rubber hoses were used t o  connect these components 

MC-4 209 - R 
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i n  the r e f r i g e r a t i o n  c i r c u i t  t o  s fmpf f fy  assembly and repa i r  t o  allow 
to lerance bulld-up In  package fabr icat ion.  The system u t i  l i z e s  Freon 

114 as a ro f r igerant ,  w i t h  a one per cent concentration o f  o i l  I n  c i r -  

cu la t i on  t o  provide l ub r i ca t i on  for  the compressor. 

5. I - I Freon Compressor 570420 

The Freon compressor i s  a compact, I ightwelght, hennetlc type uni t ,  

cons is t ing o f  a two-stage centr i fugal  compressor which Is dr iven by 

a squirrel-cage induct ion type e l o c t r i c  motor. The compressor i s  
Iden t Ica l  t o  a current production u n i t  used on t h e  Boeing 707 and 

Lockheed Elect ra airplanes w i t h  the exception o f  a change i n  the com- 

pressor d i f f use r  which i s  a s ta t ionary pa r t .  

The compressor i s  extremely simple, u t i l l r l n g  one ro ta t i ng  assembly 
which i s  car r ied  on on ly  two b a l l  bearings. ThIs assembly consists 

o f  a shaft, motor rotor, and the two compressor impel lers.  The motor 

ro to r  Is mounted on the compressor d r l v o  shaft .  The motor ro to r  lami- 

nat ions are r l g f d l y  bound together w i t h  I n teg ra I I y  cast aluminum ro to r  

bars t o  provide a ro to r  o f  consistent dynrnic balance and rugged Con- 

s t ruct lon.  The s ta to r  i s  constructed w i t h  an aluminum frame cast 

around the outside o f  thln-gauge s ta to r  laminations t o  provide maximum 

r l g i d i t y  and ef f ic iency.  The s ta to r  winding insu la t ion  system m t e r I a l s  

are res is tant  t o  Froon and 0 1 1 .  The motor leads are  connected t o  ceramlc- 

Insulated, hennetlc type terminals. 

Bearing l ub r i ca t i on  and cool ing are accomplished by passing B small quan- 

t i t y  o f  l l q u l d  Freon containing a small percentage o f  o i l  i n t o  the motor- 

compressor shaft. The 0 1 1  I n  the form o f  0 1 1  mtst lubr lca tes  the bearfngs. 

As th. l i q u i d  Froon evaporates and changes t o  a vapor I t  absorbs heat from 

the motor rotor, s ta to r  and bearings. The Freon vapor and oil  aro thon 

del ivered t o  the  compressor i n l e t .  

Thermal protect ton Is provlded by a thermoswitch I n  the housing near the 

lower end of the  s ta to r  winding. 

down the motor I f  excessive ttmperaturc i s  sensed. 

This thermoswitch funct ions t o  shut 

AAC-4 209-11 
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The comprossor I s  a honnatlc u n i t  w l t h  no external dynamic seals. 
Tho u n l t  i s  f i t t a d  w i t h  a l aby r in th  type seal a t  the I n l o t  o f  each 

fnpollor. A f l oa t l ng  carbon r i n g  type seal Is locatod between the 

secortd-rtqo Inpo l l o r  and the upper b a l l  bearing. None of those 

seals aro roqulred t o  bo Ioakproof. 

sInco such i s on t i  roly i n t o n a l .  

A ma11 leakage Is pennlssible 

5. I - 2 Freon Evaporator 174570 

Tho f r m  evaporator I L o f  brazed and wolded alumlnum construct ion, 

u t l l l r l n g  the p l a t e  and f l n  extondod surface conf igurat ion.  The Freon 

passages aro wide, f l a t ,  ve r t i ca l  tubes, each containing a s ing le  layer 
of rectangular o f f se t  f i ns .  

and t r a i l i n g  edges, t o  provlde rosfr tance t o  Impact and rough handllng. 

The a l r  passagos each contaln a doublo row o f  rectangular o f f s e t  f ins,  

located betweon tho Froon tubes and set back from the lerd lng and t r a l l -  

I ng edges f o r  p ro toct  1 on du r i ng hand 1 i ng . 

The tubes are ro inforced on the leadfng 

Freon entors the u n l t  through an ln togra l  d i s t r f b u t l o n  systom I n  the 

bottom manifold. Rofr lgerant l l q u i d  I s  d is t r i bu ted  by a perforated 

tube, and gaseous froon i s  In jected d i r o c t l y  i n t o  the bottom pan. The 

ref r igorant  then t rave ls  upward b o l l l n g  and absorbing heat and i s  d i s -  

charged through the top pan. 

5. I .3 Freon Condenser 174580 

Tho Freon condonser assembly Is an aluminum p l a t e - f i n  exchanger u t l l l -  

z ing the p l a t e  f l n  construct ion that Is used i n  the 174570 ovaporetor 

( t h e  USAF u n i t ) .  

of the condonser and condonses wh l lo  f lowlng downward through the tubes. 

L lqu id frabon Is col locted I n  the bottom pan and f lows t o  the  recelver 

by g rav i t y .  

Freon gas from the comprossor entors the top manifold 

5 . 1 . 4  Freon Subcoolor-Superheater 172210 

Tho subcooler-superheater Is a Freon l iquid-to-Froon gas heat exchanger 

located I n  the compressor suct ion l i ne .  The purpose o f  the subcooler- 

suporhoator Is t o  provido subcooled l i q u i d  t o  the Freon contro l  valve. 

M C-4 209-R 
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. external leakage from the valve. 

I t  a lso tonds t o  fmprove the cyc le  o f f i c l m c y .  

s t ruc t ion  of the subcooler-superhoater heat t ransfer  surface i s 

Idont fca l  t o  the Freon evaporator and condensar. 

The type o f  con- 

5.1.5 Evaporator Freon Control Valve 133202 

The evaporator Froon control  valve 1s an e l o c t r l c a l l y  actuated, dual- 

I 

f law s l f d lng  p fs ton  valve. 

aoproprlate f n l e t  and df scharge ports, a dual p i  ston valve, and an 

e l e c t r f c  motor dr iven actuator. The valve I s  a push-pull type whfch 

pos l t ions  the dual p is ton  valve so that  when the l i q u i d  po r t  i s  f u l l  

open, the gas po r t  i s  f u l l  closed. As the load on the evaporator I s  

reduced, the  l i q u f d  valve moves towards the closed posi t ion,  and the 

gas valve simultaneously moves towards f t s  open pos i t i on  t o  prevent 

comproreor surge. 

The valve comprises a valve housfng w i th  

The valve housfng incorporates O-ring type seals t o  r e s t r i c t  in te rna l  

laakago from the gaseous sfde t o  tho l l q u f d  Freon side. The valve 

actuat ion shaft has a sor ies of three O-ring type soals t o  prevent I 

a t  the  downstream ond f o r  mounting purposes. The motor vent holes I 



include flame suppressors and rubber gronmsts on the power leads 

i n t o  the motor t o  meet explosion proof roquiranents. The motor end 

cap contains the terminal block fo r  e l e c t r i c a l  connections and the 

motor thermal protector.  

5. I. 7 Froon Roceiver 177790-1 

The Freon receiver i s  a c y l i n d r i c a l l y  shaped 340-cubic inch aluminum 

vessel, the ends o f  which are hemispheric. Volumetric capaclty i s  18 

l bs  of Freon I14 a t  70’F. 

valve, two s ight  glasses fo r  determining l i q u i d  level, and a s ta in less 

steel f i ne  mesh s t ra iner  a t  the receiver ou t l e t .  

from the receiver through a ve r t i ca l  tube t o  the subcooler-superheater. 

The s t ra iner  i s  located I n  t h i s  ou t l e t  tube and i s  accessible f o r  rc- 

moval and cleaning by disconnecting the ou t l e t  tubing. 

The recelver incorporates a system charge 

Liquid Freon passes 

5.1.8 Condenser Shutter Actuator 133256-2 
# 

The condenser shutter actuator consists o f  a Freon-operated actuator 

and a Freon servo valve coupled w i t h  a condenser cool ing a i r  shutter 

assembly. The actuator I s  a p is ton  type that  i s  operated by compressor 

discharge Freon gas. The actuator shaft i s  sealed by a ser ies o f  three 
tt n 0 r i n g  type seals. Freon sealing around the p is ton i s  eccompllshed 

by a Freon res1 stant rubber diaphragm. 

The servo control  valve which regulates the Freon pressure t o  the top 

of the actuator p l  ston, consists of a small spring-loaded, p i  ston type 

poppet that  i s  balanced by the Freon pressure d i f f e r e n t l a l  between the 

compressor I n l e t  and the  compressor discharge. When the d i f f e r e n t l a l  

pressure across the poppet excoeds the contro l  value o f  the servo the 

poppet unseats and permits a small mount of Freon gas from the com- 

pressor discharge t o  f l o w  i n t o  the lower chamber o f  the servo. This 

chamber 1s c m n u t o d  t o  the chador  above the  p i s t o n  i n  the actuator. 

As tho poppot msmmts, the pnssuro imroaus  In tk ehdmr, novimg 

the actuator p i s ton  and shutter @3Swnbly. 

MC-4209-R 
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The valvo i s  adjustsd t o  oporoto the shutters between 68 ps i  and 60 
psi  d i f f o r e n t i a l  between compressor discharge end suction. A t  68 psi, 

the shutters w i  1 1  be wide open and a t  60 p s i ,  the shutters will be 

closed. I n  t h i s  manner, condensing temperatures w i  1 1  always be main- 

t a i n d  above IZO'F, and normally w i l l  be maintained abovo 130'F. 

i n  t u r n  w i l l  always maintain ovapo-ator temperaturos above 38'F t o  

mlnlmlze f roer lng  problems dur lng cool ing operation on mi ld  days. 

T h i s  
I 

5.1.9 Hi scel lancous Freon Systm Components 

Accessory compononts of the re f r i go ra t i on  system ore as fol lows: 

a .  

b .  

C .  

d. 

e. 

f .  

A Huel ler  Brass 8-32513 f i l t e r - d r i e r  i s  i ns ta l l ed  I n  the compressor 

motor cool ing bypass l ino .  

overhaul, no valv ing i s  provided f o r  I t s  removal. 

A rupture diaphragm dosigned t o  releaso a t  165 ps i9 at  200'F i s  

provlded i n  the Freon c i r c u i t  t o  protoct  tho system from over- 

prossu re. 

A wrench operated purge plug i s  provided at  a high point  i n  the 

system t o  rel ieve the system o f  non-condonslble gases i f  any should 

be trapped i n  tho system. 

A s ight  glass I s  provided i n  the l i q u i d  l i n e  from the receiver t o  

lnd iceto adequate Freon charge i n  tho systun. 

Two J. P. March Co. compound pressure gauges reading 30 in. Hg 

vacuum t o  150 p s i g  are  provlded t o  ind icate comprossor suction 

and condonslng pressuros. 

A Crissair ,  Inc. 201502 check valve i s  i ns ta l l ed  i n  a d ra in  l i n e  

betwoon tha evaporator and rocoivor. This valve opens during 

Since t h i s  u n l t  i s  serviced only a t  

"OFF" cyclo, al lowing drainage o f  I l q u i d  Freon from the evaporator. 

5.2  Reci r cu la t l on  A1 r System 

The roc1 r cu la t i on  a i r  system consi s t s  o f  tho manual l y  adjustable fresh 

a i r  and roc l r cu la t i on  a i r  f l o w  control  louvers, the four  rec i r cu la t i on  
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a i r  fans, an a i r  f i l t e r ,  and an e l e c t r i c  heater. External t o  the 

packago, the c i r c u i t  I s  completed by the customer furnished f l e x i b l e  

hoses f o r  the supply and return a i r .  

Includod i n  the c i r c u i t .  

An a i r  f l o w  ra te  meter i s  

5.2.1 Recirculat ion and Frosh A i r  Louvers 

The a i r  contro l  louvers form an In tegra l  par t  of the a i r  condi t ioner 

cabinet. These louvers are r l n p l e  s t ra igh t  vaned blader which are 

mechanically l inked t o  a pos i t ion  ann. The two sets o f  louvers are 

Interconnected so that when the rec l r cu ia t l on  a l r  louvers are f u l l y  

open, the frosh a i r  louvers are closed. The louver  pos l t lon ing  

tnochanism I s 1 Inked t o  the manual f resh ai  r selector on the contro l  

panel. 

5 .2 .2  Reclrculat lon A I  r Fan 207647-1 

Four o f  these fans are u r d ,  I n  a sor ios-paral le l  errangunant, t o  

provide the roc i t cu la t l on  a i r  flow. 

ax ia l  f low impel l o r  having 9 high-ef f ic iency aerodynamic a i  r f o i  I t  which 

are twisted frm hub t o  t i p  i n  ordor t o  provide a constant rad ia l  aero- 

dynamic loading. The Impel ler  i s  made from a one-piece prec ls lon alum- 

inum casting. 

a one-piece prec is ion  aluminum casting. 

induct ion typo. The motor ro to r  and fan impel ler  are  mounted on a 
comno(l shaft which 1s supported by two sealed grease packed b a l l  bearings. 

The fan motor vent holes include flm suppressors and the  rubbor gromnsts 

on the powor loads i n t o  the motors t o  meet explosion proof requirmsntr. 

Each fan has a 4.75-inch d i ~ t o r  

The motor housing and deswlr i  vanes are also  made from 

The motor is a squi r re l  cage 

5 . 2 . 3  A i r  F i l t e r  

The rec i r cu la t i ng  a i r  f i l t e r  consists o f  two Farr  Company Type AbAAH, 

16 x 18 x I - inch deep aluminum mesh f i l t e r  sections mounted I n  an 

i r i d i t e d  aluminum frame, and located upstream o f  the evaporator. The 

f i l t e r s  are held i n  place by spring c l i p s  and are removable from the 
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back of the  u n i t  through the lower access panel, and may be cleaned 

and re- insta l led as many times as i s  nocessary. 

5 . 2 . 4  Elec t r i c  Heater 682489 

The e l e c t r i c  heater Is conpored of 15 Chromalox s t r i p - f i n  type elements 

which oporate on 208-volt, Sphase, 60 cps e l e c t r i c  power. The elements 

are n icke l  chromium ros l r tance wires imbedded f n  a ceramic mater ia l  and 

covered w i t h  a chrome steel sheath. 

provlde improved heat t ransfer t o  the a i r  stream. 

posed o f  three banks which are arranged i n  para1 l e l .  Bank No. I i s  4.2 

KW he8tlng capacity and Bank Nos. 2 and 3 a r t  8.35 KW heating capacity 

each . 

Fins are  pressed on the sheath t o  

The heater 1s can- 

5.3 System Elect rl  cal Control s 

The syrtan e l e c t r i c a l  cont ro ls  provide modulation o f  cool ing and heating 

capacity, swltchlng of motorized equipment and safety devlces where 

requf red. 

The tmpera turo  contro l  I s  a magnetic amp l l f l o r  device which receives 

inputs from the temperature selector and the return a i r  temperature 

sensor and convorts thero s ignais i n t o  terms o f  actuator movement. 

The tmpora ture  seloctor and the return a i r  tamporature sensor aro 

connocted t o  fonn two of tho inns of a simple rer istanco bridge. 

change I n  signal f rom e f the r  on. of these references cauros an un- 

balance o f  the br idge and t h i s  e r ro r  i s  detectod, ampl i f ied and used 

t o  contro l  the output o f  a hernwt ica i iy  sealed relays. This power 

output d r ivos  e i t h e r  the Freon contro l  valve actuator o r  the pro- 

gramor actuator. Tho powor output i s  i n  the form o f  a sories o f  

constant voltage amplitude powor pulses, the width o f  the pulse vary- 

ing from a few mil l fsoconds f o r  small br idge unbalance signals t o  

“ f u l l  on” f o r  large error signals. 

A 
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Thi s form o f  cont ro l  has proved t o  be very responsive and yet g i v e  

good inching charac ter is t i cs  and stable operation. 

5.3.2 Temperature Selector 512282 

The temperature solector i s  a wire-wound potentiometer whlch has m 

over-a l l  resistance change q u a l  t o  the resistance change o f  the return 

a i r  tomperature sensor betwoon the temperature l i m i t s  o f  60'F and 85'F. 
The re tu rn  a i r  tanporature i s  selected by a l t e r i n g  the resistance o f  the 

selector and therefore changing tho br idge balance point .  

5.3.3 Return A i r  Temperature Sensor 47518 

The duct sensor Is constructed of a t h e m i s t o r  element which contains 

a small p iece of semiconductor mater ie l .  This mater ia l  has a pred ic t -  

able negative temperature coo f f i c l en t  of rcsi s t l v i t y  and the resistance 

of the t h e m i s t o r  I s  thorefore a d o f i n i t e  roproducibie funct ion o f  i t s  

immediate surrounding temperature. The sonsor i s  located i n  the re tu rn  

a i r  duct of the a i r  conditionor. 

5.3.4 A i r  Temperature Ind i ca to r  16281 I 

Included on the contro l  panel I s  a Lewis Engineering Company temperature 

ind ica tor  gage, Part No. 162811, t o  show the d ry  bulb temperature o f  the  

conditionod a i r  leaving tho a i r  condi t ionor.  Tho Ind ica tor  i s  connected 

t o  a wire-wound tsmporaturc bulb thermometer type 5684A. The ind ica tor  

gage readout has a range of 0 t o  150'F w i t h  5'F graduations. 

5.3.5 Motor Protector Rolay 515206 

Tho motor protector  re lay contains two soperate c i  rcu i  t s  prov id ing two 

separate functions. 

f a u l t s  and to  t r i p  a ia tch lng type rolay, which i n  t u r n  In te r rup ts  the 

contro l  powar t o  tho compressor motor contactor. Any ground current I n  

oxcoss of 15 emperos between the motor p ro tec tor  relay and the motor 

w i l l  t r i p  the relay.  The purpose o f  t h i s  c i r c u i t  I s  t o  remove the  motor 

from tho l i n e  fo l lowing a poss ib le  e l e c t r i c a l  short or  ground, i n  order 

t o  l i m l t  possible damage t o  the comprossor. 

One c i r c u i t  i s  u r d  t o  detect ground currents  o r  
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Tho second c i r c u i t  i s  used t o  detect possible excessive winding tom- 

peraturos, and t o  t r i p  a second la tch ing typo relay, which i n  t u r n  

In to r rup ts  the contro l  pamr  t o  the  comprossor motor contactor. This 

c i r c u i t  oporates i n  conjunction w i t h  a thormal switch lOC8ted i n  the 

comprossor motor case t o  protoct  against motor ovotloads. A t  a pro- 

d o t o m i n d  combination o f  motor curront and case twrporaturo, tho  ther- 

mal switch w i l l  open, thoroby K t u a t f n g  tho  la tch ing relay. Thls  re lay 

in to r rup ts  tho contro l  curront t o  the motor contactor. Af tor  the motor 

case cools t o  about 170°F, the t h o r n 1  switch w i l l  automat lcal ly reset. 

Both la tch ing relays m y  be rosot by pressing a manantary contact switch 

located on tho contro l  panel. 

5 . 3 . 6  Curront Transformer 547604 

The curront transformer i s  a devico usod t o  1 i m i t  the maximum curront 

drawn by the comprossor. 

proport ional  t o  the currmt dram by tho cocnprossor above 80 amperes. 

Above t h i s  compressor curront levol, tho signal produced by the current 

transformor i s  substractod 01oet r l ca l l y  i n  the magnetic amp l i f i e r  from 

that of tho  tmrperature sonsor. This causes the contro l  temperature 

I t  accomplishos t h i s  by producing a signal 

po int  t o  lncreasa above that solocted. This I n  tu rn  causes 

sion valve t o  close dawn t o  provide loss cool ing which w i l l  

the compressor d r m l n g  less curront. 

5.3 .7  Time Delay Relay RF20 

the expan- 

resu l t  i n  

The time dolay ro lay  i s  a h e ~ t l c a l l y  sealed, d j u s t a b l e  thermal delay 

device manufactured by 6. V. Controls, Inc .  A 28-volt curront f lowing 

through a reslstance e l a a m t  t r i p s  a normally opon bimetal switch a f t e r  

a predlc tab lo t ime delay. Timing from approxfmatoly 5 t o  30 seconds i s  

providod by s c r m d r i  vor rdjustmont. 

5.3.8 Programer 024460 

This  u n i t  I s  a hor rmt ica l l y  soald,  motor operetod, ro tary  programer 

which contains 6 cam oporated switches. These switches s t a r t  and stop 
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the re f r i ge ra t i on  system and step control  the e l e c t r i c  heater. The 

motor i s  a 115-volt, 400-cps single-phase u n i t  w i th  a nominal t iming 

f o r  a f u l l  cyc le  o f  50 seconds. 

A. U. Haydon Co. 

The programer Is manufactured by the 

5.3 - 9 M i  sce 1 1 mcou s E 1 ect r i ca 1 Cont rol I 

8 .  

b. 

C .  

d. 

e .  

f .  

Hechsnical Products, Inc., NP Series c i  r c u i t  breakers are provided 

t o  protect  the w i r ing  t o  each 3-phase load, and t o  serve as d ls -  

connect devices fo r  servicing. 

Hartman E lec t r i c  power re lays provide control  of each %phase load. 

They are actuated by a 28-volt DC solenoid, and are the t o t a l l y  

enclosed type w i th  dust proof cases. 

A r c c t l f i c r  s y s t m  consist ing o f  a transformer and four diodes 

arranged i n  a full-wave br idge supplies up t o  5 amps o f  28-volt 

DC power for contro l  purposes. 

A 115-volt, 400-cycle synchronous t imer i s  provided on the control  

panel. Th is  u n l t  gives a d i g i t a l  elapsed time count t o  10,000 hours 

opcrat i on and I s hermetical 1 y seal ed . of comp ressor 

A Weston Mode 

a i r  condi t ion 

This u n l t  w f 1  

ope ra t  i on. 

833, 0-300 amp amneter i s  provided t o  ind icate t o t a l  

ng current i n  one phase of the a i r  condi t ioning system. 

g ive a good ind lca t lon  of  re f r l ge ra t i on  system 

A phase sequence sensing re lay Is provided which automst lcal ly pre- 

vents the u n i t  from operating if power supply phasing Is wrong. 

5 . 4  A i r  Conditioner Cabinet and Mlscellaneous Items 

The a i r  condl t loning system w i t h  I t s  cont ro ls  i s  housed I n  an aluminum 

st ructure designed t o  provide weather p ro tec t ion  and support f o r  the 

system (Figure I ) .  

overhaul access ib i l i t y .  The basic enclosure consists o f  a welded frame 

made up of extruded sections. The system components are supported f r o m  

Par t i cu la r  a t ten t ion  has been paid t o  service and 
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t h i s  frame, and aluminum sheet I s  spot welded o r  r i ve ted  t o  provide 

duct ing and sk in .  

Weather p ro tec t ion  i s  provided by a hlnged l i d  on the top o f  the u n i t  

which exposes the condonssr fen discharges and exhaust r e l i e f .  Another 

door i s  provided on the condenser a i r  i n l e t .  

f resh  a i r  i n l e t  i s  provided by the var iab le shutters. The IO-in. hose 

connectlons are provided w i t h  shipping covers. 

included i n  a l l  openings. 

Weather p ro tec t lon  f o r  the  

Removable screens a re  

Handling o f  the a i r  condi t ioner i s  f a c i l i t a t e d  by combination grab handles 

and l i f t i n g  po in ts  located a t  each corner o f  the cabinet. 

( w i t h  fork  l i f t  provisions) and a towing eye are included f o r  ground 

hand 1 1 ng . 

A 5kid base 

T h e m 1  and acoust ical  insu la t ion  i s  provided by 3/4-ln. t h i c k  Urethane 

insu la t ion  l i n i n g  i n  the evaporator compartment and i n  other c r l t i c a l  

areas. The e n t i r e  cabinet was i r i d i t e d  and prime coated. The ex te r io r  

and i n t e r l o r  were given one coat o f  whi te  pa in t  as  specif ied. 

The contro l  panel, located on the side of the uni t ,  consists o f  an enclo- 

sure ins ide  o f  which a l l  contactors, relays, etc., are mounted f o r  ease 

of serv ic ing and protection, and a panel on which operating and indicating 

devlces are located. An  addi t ional  instrument panel I s  included t o  accom- 

odate compressor Freon suct lon pressure, Freon head pressure and the a i r  

f l o w  ind icator .  System wi r ing  1s d is t r i bu ted  f rom the contro l  enclosure 

i n  cables t o  the various devices i n  the a i r  condi t ioner.  Two receptacles 

w i t h  weather caps a r e  located on the cabinot ex te r io r  f o r  208 -volt ,  3- 

phase, 4W-cps and 208 -volt ,  60-cps power i nput s, respect I vel y. 

* 
* 

6. CONTRACT EXPEND ITURES 

A i r  Conditioner 682830-1 i s  s im i l a r  t o  a prev ious ly  developed u n i t  f o r  

the U. S. A i r  Force. L is ted below are the changes which were made t o  
- - - - - - - - - -  
*Line ( o r  phase-to-phase) vol tages. 
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the USAF a l r  condlt lonor t o  meet the NASA problem statement, whlch 

resulted i n  extenslve drawing changes. 

a. Four high pressure r i s e  Reclrculat ion Fans 207647-1, I n  a sarrlcs- 

p a r a l l e l  arrangement, roplaced one fan t o  moet NASA a l r  f l o w  roqulro- 

monts. The 207647-1 fan was derived from a u n i t  i n  production. The 

production o r t i c l o  was modiffed t o  Include flame suppressors I n  the 

motor broathor vonts and rubber grammots a t  tho power loads t o  meet 

oxplor im-proof  r q u l  rommts.  

b. Condenser Fan 207642-1 I s  i den t i ca l  t o  the fan u t i l l z e d  i n  the USAF 

u n l t  except for changes t o  meet explosion-proof requlrennnts. The 

o r l g l n a l  conflguratlon fan was modifled t o  Include flame suppressors 

a t  the motor broathor vents and rubber grommsts on the power leads. 

Also, the t h o r n 1  pro tec tor  was changed t o  provide Increased motor 

p ro tec t  Ion. 

c. Thm l a t e s t  production conflguratlon Shuttor Control Actuator 133256-2 

was incorporated I n t o  the u n l t .  This pa r t  Included a l l  the l a t e s t  

p roduct Imp rovunont changos . 
d. The e l o c t r i c a l  c l r c u l t  was modiffed t o  oporate the hoatorr on 208- 

volt, 60-cps power. T h i s  Included a separate 60-cps power input 

receptacle mounted on tho cabinet and a separate powor relay.  

e. Tho cabinet was strengthened by changing the panols from 0.032-In. 

t o  0.050-in. t h l c k  aluminum sheot. 

prossuro r f s o  fans ( I tom a )  since the cabinet Is esson t ia l l y  a 

prossure vessel. Angle brace s t l  f fonors were added t o  tho evap- 

o ra to r  conpartnmnt t o  mount tho four  evaporator fans. 

s t i f f o n e r s  wero added t o  tho skid assembly along w l t h  p r o v l s l m s  

fo r  f o r k  l l f t  h a d l l n g .  The r o c l r c u l a t i o n  I n l e t  and o u t l o t  hose 

connections were changed t o  eccanodata IO-In. hose Instoad of 24- 

In. hose. A t  the rec i r cu la t i on  a i r  o u t l e t  a plonum rcduct lon was 

This was t o  accomodete tho high 

Anglo braco 
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used t o  eccompl ish the hose area  reduction. These changes 

resulted I n  incre?slng u n i t  overa l l  weight from the 537 i b  

o r i g ina l  i y  est Imattd. 

f. The contro l  box assembly was d l f i e d ,  the Freon suct lon and 

head pressure gages were relocated, and an a l r  ou t le t  tempera- 

t u r e  gage was Included. An eddl t lonal  panal was Included t o  

a c c d a t e  the F r e o n  suct ion and head pressure gages along 

w i t h  the a l r  f lm indicator. This necessitated a window for 

gage resdout I n  tho rear access panel. 

The above changes are sumartzed t o  show reasons f o r  over-expenditure 

of contract funds. These changes involved m d i f i c a t l o n  t o  a la rger  

number of drawings of the o r i g i n a l l y  proposed u n i t  than was anticipated. 

Also. the time and lsbor  i n  locating, procuring, and expedi t ing par ts  

was as extenslvcr f o r  one un i t  as It would have been f o r  a s l g n I f l c a n t l y  

l a r g e r  order. I n  otder lng small d e t a i l  parts, the minimum quant i ty  

tha t  could be orddred exceeded the number roquired f o r  one un i t .  

a resul t ,  the surplus parts not used, l i s t e d  i n  Table I, 8180 addad 

t o  u n i t  pr ice.  

Room pending NASA In r t ruc t fonr . )  

s f m l l s r  t o  one recent ly developed f o r  tho USAF, the actual porronmi  

learnlng curve s ta r ted  over. 

who had worked on the USAF u n i t  were not avai lab le t o  work on the 

682850-1 a i r  condit loner. Had more un l t s  f o l l w e d  the one ordered 

the cost would have been considerably less. 

As 

(Those parts are being stored I n  the AiResearch Bond 

Although tha a i r  condltlonmr was 

This was duo to  the fac t  t h a t  personnel 

7. FA B R I  C AT I ON 

7. 1 The fabr lca t ion  of the service t e s t  u n i t  was div lded I n t o  three m J o r  

work areas: component fabr icat  ion, cabinet fabr ica t  ion and u n i t  

assombly. 

I n  production for other program a t  AiResearch, o r  u t  1 1  i t e d  too l  lng 

i n  c0IIIIIy)n w i t h  un i t s  i n  production. 

The major components were general ly modif lcat lons of u n l t s  
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7. I .  t The cabinet was fabricated by AlRerearch Avlat lon Servlce Dlvlolon 
slnce other  bldders were substant le1 I y  hlgher. 

USAF-demloped u n i t  was used t o  also mlnImlte cost and expedlte 

fabr lca t  ion. General 1 y ,  separate f r a m  mnhrs and panels were 

cut  from raw stock and f l na l  t r lmnlng was accompllshed a t  f l n a l  

assembly. 

frame. 

s t ructure at  l n l t l a l  phase of fabr lcat lon.  

Tool  Ing from the 

The fram mmbers were welded end panels r lveted t o  tho 

Photograph 38443-5 shawo the s lml lar  WAF u n i t  cablnet 

8. TESTING 

8. I Explosion Test of S t r l p  Heater - An SEF 190 s t r l p  heater, manu- 

factured by E. C. Welgand Company, Ident ica l  t o  tha t  I ns ta l l ed  

I n  A l r  Condltlonor 682380-1, was subjected t o  an exploslon t e s t  

t o  demonstrate carpi lance w l t h  Paragraph 4 o f  Deslgn Speci f icat ion 

fo r  Saturn Ins t runrn t  Compartnrnt Ground Coollng System which Is 
Enclosure 1 of Roquost f o r  Quotatlon No. TP85-1%. Test procedure 

and resul ts  are sumur i red  i n  Rototort  Laborator ler  Raport 3124, 

Included i n  Appendlx 114 The heater completed the tes t  w i t h o u t  

damage and d i d  not propagate an explor lon of the a l r - fue l  mlxture 

w l t h l n  the tes t  chambar. 

8.2 Performance Test - The a i r  condl t loner was operated at  the condl t lons 

l l s t e d  I n  Table 4 t o  demonstrate performance I n  conrpllance w l t h  the 

deslgn specl f icat lon.  The tes t  setup i s  depicted I n  Figure 3. For 

t h l s  test, the a i r  condltloner was placed i n  an enclosure. A portton 

of the condonrer o u t l e t  a i r  was def lected i n t o  the enclosure t o  a t t a l n  

the condoneor i n l e t  a i r  temperature. Also a t  t h l s  tlms, the hoatars 

were oporated a t  f u l l  heating and 20 kw Input puwer was recorded. 

T h l s  resu l ts  I n  a heating capeclty of approxlmrtoly 68,300 Btu per hr. 

The funct ional  and ca l i b ra t i on  tes ts  requlred over 20 hours of u n i t  

operatlonal tlme, and approxlmately t w o  weeks o f  t es t i ng  I n  tho 

1 aboratory. 

AAC -420 9- R 
Page 18 



8.2. I Durlng p r e l  imlnary system checkout, Condenser Shutter Actuator 

133256-2 ~ l f u n c t l o n o d  three times due t o  d l r t  accumulations w l th ln  

the valve Freon c l r c u l t .  A f l l t o r  was Ins ta l l ed  I n  tho Freon supply 

l l n e  t o  the  actuator to  preclude reoccurrence. 

8 .3  Roc1rculatlon A l r  C l r cu l t  Ca l lb ra t lon  - The setup I s  depicted I n  

Flgure 3. 

closed and sealed w l t h  tape t o  minlmlze a i r  leakage SO tha t  a l l  

a l r  passlng through the fans was measured. 

In  the v o n t l l a t l o n  mode (Freon compressor o f f ;  vent fans on) and 

the rec l r cu la t l on  a l r  f l o w  was var ied from 98 t o  68 l b  per mln by 

manually pos i t lon lng  the rec i r cu la t i ng  a i r  dampers. Test resul ts  

are tabulated I n  Table 2 and also depicted I n  Curve 2. 

The f resh a l r  dampers and prorsure r e l l e f  vent were 

The u n l t  was operated 

8 . 4  A l r  Flaw Ind lca tor  Cal lbrat lon - The u n l t  was operatod I n  v e n t i l a t i o n  

mode and the fresh a l r  shutters were closed (normal leakage) t o  

simulate normal lns ta l le t lon .  The rec i r cu la t i on  a l r  f l o w  was 

variod f r o m  930 t o  I260 cfm by manually pos l t lon lng  t h e  rec l rcu la t -  

Ing a i r  danpor. A t  25 cfm incromnts,  the a i r  flaw Ind lcator  

( i n c l  ined manometer) reeding was recorded. Curve 2 presents the  

resul ts  of t h i s  ca l l b ra t i on  tes t .  

a standard ASHE o r l f l c e  measurlng rect lon.  F lna l i zed  tes t  resul ts  

are presented I n  Table 3 and Curve 3 .  The a l r  flaws tabulated I n  

Table 3 and the abscissa of  Curve 3 were obtained by u t l l l z l n g  

Curve 2 -  Thls was done t o  present f low Ind lcator  rcadlng versus 

supply a i r  f l o w  slnce normal leakage a t  an undctcrmlned ra te  through 

the fresh a l r  dampers occurred dur ing tho test .  

I n l e t  a i r  f low was measured by 

9. C OHWNE HT PE RF ORMANC E 

Curves I through 18 present the performance o f  each major component 

of the a i r  condlt loner. 

re la te  the spec l f l c  curve t o  I t s  loca t ion  i n  the system as noted I n  

Notsd on each curve e r e  s ta t i on  points  t o  

Ffgurc 2. 

AAC-4209-R 
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IO. QUAL IF I C  AT1 ON TESTS 

The funct ional  and cal  lb ra t ion  tes ts  Included herein descrlbc the 

extent o f  the tes ts  conducted upon tho subject un l t .  

vibret lon, and explosion tests  were omltted by Modl f lcat lon No. I 
o f  Supplemental Agreement t o  Contract NASB-1578, dated 10-16-61, and 

therefore, were not conducted. 

The shock, 

I f .  RECOMENDATXONS 

The fo l low ing  changes t o  the a l r  condi t ioner t o  a t t a i n  Increased 

performance are  submitted: 

a. El iminate the fresh a i r  feature. This was included I n  the 

o r l g l n e l  USAF u n i t  design since t h l s  u n i t  was intended f o r  use 

as ii cool ing un t t  for personnel shel t6r .  The feature resul ts  

In loss o f  performance due t o  leakage through the shutters and 

Is consldered not necessary f o r  an e lec t ron lc  equipment compart- 

ment 

b. The caprc l ty  can be improved I f  the external pressure r l s a  

requirements are reduced. Thls i s  probably not possible f o r  

the intended appl icat  ion. However, the a i r  condlt loner may 

be used i n  a d l f f e r t n t  app l i ca t ion  I n  whlch the external  

pressure requlrements are reduced. I f  the input power t o  

the rec l  rcu la t  Ion fans Is reduced, more evaporator capacl ty 

i s  avai lab le due t o  useful space cool lng. This could be 

accomplished In th l s  u n l t  by subs t i t u t i on  o f  fans o r  by 

removlng two of the fans tha t  are I n  series. 

I n  a fan conf igurat ion of two p a r a l l e l  fans rather  than the 

present conf lgurat lon of two fans I n  p a r a l l e l  and two I n  serles. 

This would resu l t  

c. The caprc l ty  could also be Increased when the outside ambient Is 
less than IOO'F by adjust lng the condenser pressure contro l  t o  a 

lower value. This  would al law a reduction In  the evaporator 

discharge Freon pressure and the evaporator discharge a i  r 

t emparet u re. 

AAC -4209-R 
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APPPWDIX I 

D8ta Tables, Curves, Figures 
and Photographs 



UNUSED MISCELLANEOUS PARTS 

(Due t o  mlnlmum order purchase requl remcnts) 

P a r t  No. 

172622-3 
460-0 15-40 
460-0 15- I2 
460-0 15-20 
FR 668-6 
802 -2380 

M I 000-2- I 5 
2D- 1502 
H4100-S.063 

I 72299 
3 -4 
3 -6 
MS2 5043-32C 
B- I38F 
8-133 
AN 3057-20 
AN 3066-20 
AN 3064-20 
AN 3057-16 
MS 3101R16S-IS 

ns 3 103-20-33s( c) 

MS 3 I O2A I 4S-2S( C) 

2600- IO 
c -33 
AN93 132-56 

HS35489-26 
HS2 5043 -32C 

MS21911-4D 

Dcsc r f p t  I on 

Weld (bracket) Assembl y 

Gask-0-Seal 

Cask-0-Seal 

Gas k-0-Sea 1 

C1 amp 

C1 amp 

Latch 

Check Valve 

Latch 

Screen 

0 Rlng 

0 Ring 

Cap (W/Chsln) 

Contactor (Hartman) 

Contactor (Hartman) 

Connector 

Nut 

Bushlng 

Connector 

Connect o r 

Connect o r  

Connector 

Stud 

c1 I p  

Same box li 

Cromnct 

Grorant 

Tees 

Tees 

Quant 1 t y  

2 
3 
4 
5 
4 
4 

6 
I 
1 

I 
23 
22 
5 

3 
I 
4 
4 

4 

I 
I 

I 

I 
12 

7 
4 
9 
3 

5 

Table 1 
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UNUSED MISCELLANEOUS PARTS (Cont 1 nued) 

Part No. 

HS2 1902-60 

MS2 1903-40 

AN9 10-3 

HS2 1908-60 

255114-12-0380 

2551 It-12-0254 

255 I IO- 12-0200 

255 I 0 0 - 2 0 - 0 m  

255102-6-0224 

255106-6-0350 

255101-6-0100 

255 107-6-0460 

255104-6-0320 

255114-12-0440 

255 109-6-0204 

255106-6-0300 

Derc r i pt 1 on 

Coupl Ing 

Bulkhoad F l t t l n g  

Coupl ings 

E l  bows 

STRATOFtEX FITTINGS 

Qurnt I t Y  

I 

I 

I 
i 

I 

I 

I 

2 

2 

2 

I 

I 

NOTE: A l l  parts l i s t e d  are belng h e l d  I n  AIReseerch CPFF Bond Room pending 

dlsposlt lon lnstructlons from NASA- 

* 

Tabla 1 
AAC-4209-R 
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Unit M b i e n t  A i r  Pressure, In. Hg Abs 50.00 pAMB 

4. I * 
pis Recirc. I n  Air Sta t i c  Prossure, In. H,O 6rge 

LO 

LW 

DB Temporaturo, Dog F 79 

VB Tsmparature, Beg F 59.8 

"K b i g h t  Flow, Lb Per Hln*#' 84 

Conditioned A i r  Out S ta t i c  Pressure, In. H20 6.9. 25.2 

T2D 08 Temperature, Dog F 42.5 

=a YB Tatperature, Dag F 40.5  

Tcl Condenser A l r  I n  Tanparature, Dag F I05 

% Total  U n i t  Coollng Capacity, BTU Per Hour 54,900 

p2s 

QE Evaporator Cool ing Capacity, BN Per Hour** 83,900 

PFs Conpressor In  Freon Prersura,psig 0 

PFH Compressor Out Freon Pressure, psig  60.0 

Compressor Cas. T.rrporature, Dog F I O  I 'CASE 

Vc Unit  Input Lina Voltage, Vol ts  A 199 

8 I99 ---mp"---- - ~ 

50.00 

-0 .05 

88 

62.4 

83 

24.9 

43.5 

42.0 

102 

58,300 

86,900 

I .o 

60.0 

100 

I99 

199 

29.93 

-0.6 

102.5 

67 

79 

28.4 

52 

48 

100 

51,000 

84,900 

2 .o 

65.0 

97 

I97 

I96 

29.93 

-0 .7  

1 I 8  

70.6 

74.5 

27.2 

57.5 

49.2 

I06 

64,400 

90, OOO 

2 .o 

66.0 

98 

198 

197 

29.92 

-0. I 

91 .5 

62 

84 

27.3 

47 

44 

I10 

52,800 

81,300 

2 .o 

66.0 

97 

J 98 

197 

C I99 * '  I99 I 96 I97 I97 

I,, U n i t  Input Pham Current, Awpr A 129 I29 I24 120 131 

B I29 129 I25 I20 I32 

C 

KY UnIt Input Power, KU 

129 I29 I25 1 I 8  I32 

38.2 38.2 35.2 36.0 38.0 
., 

0 Duration of Tost, ninutos I 5  25 I5  20 15 

A l r  Flow Ind lcator  R d l n g ,  In. H20 0 -48 0.49 -NOT RECORDED ;T 

Outlot A l r  T q o r a t u r e  Ind lcator  Reading, Deg F 42 44 -NOT RECOROE- 

--------a- * 
** Rofor t o  Figuro 3 for s t a t i c  tap locations 

Calculated OII basls of p t w l o u s l y  rrmrured 8.6 KW for vant fan input power and I00 per cant 
b a t  d i r t r l b u t e d  t o  evap. in air  (5.75 BTu por Ib) *# 
Fro& air  d _ r s  closed and r e a i d  o f f  w i t h  tape for minimum lukage 

WRITTEN 

AI RESEARCH MANUFACTURING CO. 
L O S  ANOLLCS. CALIFORNIA APPROVED 
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PRESSURE 100 
( PSI A) 30 

1-41 l i L Z X 1 7 . . b W E  

I - - -  - W lll TTLM E- 

IO 

REf RIGIECUHT CURVE 1 
(125'F DAY ConDITION) 

________ 

LIQUID 
PHASE 

Stat  ion Point P o s i t i o n  I n  System 

Evaporator In1 et  

Evaporator D i scharge 

Compressor I n l e t  

C q r e s s o r  D I scharga 

Condanser D I schargs 

Subcooler D i schargo 

- 148f - 40.1F 
Condenrl ng femperrture, l C  

Evrporrt I ng T ~ e r a t u r o ,  T E  

1 40 

ApCIIOVLD I -71 AIRESEARCH MANUFACTURING CO. 
LO$ ANCELLS. CALIFORNIA 
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(STATION POINTS 1-3) 

--- 
CIRCULATION A I R  FLW - CFN 

CALCULATED I Y  ESTIHATED CIRCULATION A I R  AAC-4209-R 
CURVE 4 PRESSURE LOSSES 

CHECKED I Y  

A?PROVED I Y  AIRESEARCH MANUFACTURING CO. -..--___- 
LOS ANGELES. CALIFORNIA 

UNIT NO. 
AAC-4209-R - 7- 



(STATION POINTS 3-4) 
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l l l t ! i t ! i i t  
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APPENDIX  11 

ROTOTEST LABORATORIES REPORT 3124 

EXPLOSION T E S T I N G  OF S T R I P  HEATER 

115 VOLT, 900 WATT 

PAC-42 0 9 - R  
P a g e  49 



*ice Tor 

AIRESEARCH MANUFACTURINO COUPANY 
9851 -9951 SEPULVEDA BOULEVARD 
Los ANGELES 45, C A L I F O R N I A  

m m  s1 t 4  

8-88746=1 

conrroc, No. \ NASA 1578 

bt. JULY 5, 1981 

EXPLOSION TEST ING 

OF 

STRIP HEATER, 115 VOLT, 800 WATT 

VERN L. SANDBERG, LABORATORY SUPERVISOR , 

w 

ALBCRT G ,  KLC INKNCCMT 

I .  
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ADM I N I STRAT I VE DATA 

NAME PART: S T R I P  HL4TER 

PURPOSE OF TEST: F X P L O S I O N  

MANUFACTURER: c.. 

MANUFACTURER'S TYPE OR PART NO*: -- 
DRAW I NG, SPEC IFICAT ION OR EXH 181 T: M I L -€-5'2-;ZC, 

QUANTITY OF ITEMS TESTED: OVE ( 1 )  S A M F L E  

SECURITY CLASSIFICATION O f  ITEMS: i J h ~ ~ 4 5 3  I F  i t 0  

DATA TEST GWPLETEU; ; r ~ t  2 B j  1951 

TEST COW\lCTED BY: R O T O r E S T  LABORATOR I tb, i HC. 

DISPOSITION OF SPECiMENS: THE bAM?LE h a .  1 ! I IT(NF& TO A ~ E E S E A R C H  MPN~JFACTUR ING Co. 

SIGNATURES: 

LADORATORY SU?CRVl8OR 

ABSTRACT : 
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1. EXPLOSION 

SAMPLE 1 

REFERENCE: MI L+-5272C(ASG) AMENDMENT 1 DATED 20. JANUARY 1960, PARAGRAPHS 
4.13, 4.13.3, 4.13.3.1, 4.13.4, 4e13.491, 4+13.4,2, 4.13-4.3 

"4.13-3 APPARATUS. - AN EXPLOSION CHAMBER EQUAL TO MIL<-%= 
SHALL BE U T I L I Z E D  FOR CONOUCTING EXPLOSION-PROOF TESTS." 

''4.13.3.1 FUEL. - FUEL USED SHALL BE GASOLINE, GRADE 100/1%, 
CONFORM! NG TO MI L - w 5 ? 2 0 "  

"4,13,4 PROCEDURE I I I -" 

"4 , i3 .4 .2  P R E P A R A T ~ O N  FOR T E ~ T .  - 
A .  THE EQUIPHENT T O  BE TESTE' SHALL B E  INSTALLED I N  THE 

T E S T  CHAMBER I N  SUCH A MAMiVER THAT NORMAL ELECTRICAL 
OPERATION I S  POSSIBLE AND MECHANICAL CONTROLS MAY BE. ' 

OPERATED THROUGH THE PRESSURE SEALS FROM THE EXTERIOR 
OF THE CHAMBER. ALL EXTERNAL COVERS O f  THE TEST I T E M  
S H A L L  BE REMOVED OR OPENEO TO INSURE ADEQUATE C I R C U L A T I O N  

Ttiir C X P l O S l Y E  MIXTURE. LARGE EQUIPMENT MAY B E  TESTED 
DYE OR MORE U M t f S  AT A T I M E  BY FXTENDING ELECTRICAL CON- 
NECTIONS THROUGH THE CABLE PORT TO THE BALANCE OF THE 
EQU f PME NT LOCATED EXTERNALLY 

0 .  THE EQUIPMENT SHALL BE OPERATED TO DETERMINE THAT I T  IS 
FUNCTIONING PROPERLY A N 0  TO OBSERVE THE LOCATION O f  ANY 
SPARKING OR H I G H  TEMPERATURE COMPONENTS WHICH MAY CON- 
S T I T U T E  POTENTIAL EXPLOSION HAZARDS. 

C .  MECHANICAL LOADS ON D R I V E  ASSEMBLIES AND SERVOMECHANICAL 
A R D  E t E C r R t C A L  LOADS ON SYITCHES ANI) RELAYS M A Y  B E  
S i W'UL &TED %?HE& M C E S S A R Y  IF PROPER PRECAUTION I S G I  VCN 
TU D U P L I C A T I N G  THE NORMAL LOAD IN kESPEC1 TO TORQUE, 
VCLTAGE, CURRENT, I N D U C T I V E  REACTANCE, ETC. I N  ALL 
INSTANCES I T  SHALL BE CONSIDERED PREPERABLE TO OPERATE 
THE EQUIPMENT AS I T  NORMALLY FUNCTIONS I N  THE SYSTEM 
OUR I NO SERVICE USE a'' 
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1 .  EXPLOSION - CONTINUED 

4 

MIL*-5272C(A%) - CONTINUED 

REQUIREMENT: - CONTINUED 

"4.13.4.3 fE3T PROCEDURES. .. 
A. A TEST SHALL BE: CONDUCTED AS FOLLOWS: 

THE TEST CHAMBER SHALL SL SEALED AMD THE AMDICNT 
TEMPERATURE W l T H l N  SHALL BC R A I I T b  7 0  +71 k3.C 
(+160 so F), OR TO THE MAXIMUM TEMPLRATURE TO 
WHICH THE EQUIPMENT 1 !4 DLSIQNCO TO OCLAATg (I f  
LOWER THAN lSO* F). THE TEMPERATURE OF THE t C 8 T  
I T E M  AND THE CHAMBER WALLS S H A t L  6 C  PERMITTCD 18 
RISE TO W I T H I N  11' c (20' F) OF THAT O f  THE CHAMbLR 

MIXTURE. 
AMBIENT AIR, P R I O R  TO INTRODUCTION OF THE C X P L O l l V f  

THE INTERNAL TEST CHAMBER PRESSURE SHALL BE RCOUCCO 
SliFFICiENTLY TO 3iH';;ATE AN A L T I T U D E  APPROXIHATLLY'  
i3,QM) FEET ABOVE TPZ DESIRED PEST ALTITUDE0 
r E l O l l i f  OF FUEL N&CES'>ARY TO PRODUCE AN AIR-VAPOR 
R A T I O  Of 13 T O  1 AT :HC DiEblRED TEST ALTITUDC W A L L  

THE 

BE DETERMINED FROM C < ~ # S I D C R A T l O N  OF CHAMOER VOLUME, 
FUEL TEMPERATURE ANC 4PECIFIC ORAVITY, CHAMBER AIR 
AND WALL TEMPERATURE$ .*EST ALT i TUDL, CTC 
A TIME O f  3 f l  MINUTES SHALL BE ALLOWCD f O R  INTRODUCTION 
AND V A P O R i t A T I O N  O f  THE FULL.  A I R  SHALL BE ADMITTED 
I N T O  THE CHAHBER U N T I L  A 8 lMULATCD A L T I T U D E  O f  6,OOO 
FEET ABOVE THE TPST ALTITUDE I S  ATTAlNEDe AT T H l 8  T I M E  
THE POTCNTIAL EXPLOSIVENCSS O f  THC RCbULTlNQ AIR-VAPOR 
MIXTURE SHALL BE VERIFIED BY A SAMPLINO METHOD WHICH 
HAS BEEN APPROVED BY THE PROCURINQ A C T I V I T Y *  

(SCC 5*4*4e4) 

(3)  QPLRATlON OF THE TEST ITEM 8HALL AT T H I S  T I M E  BC COM- 
MENCEDI ALL M A K I N 4  AN0 BRgAKINQ ELECTRICAL CONTACT8 
BE 1 NO ACTUATE0 e I F  H I QH TEMPLRATUWE COMPONCNTb ARC 
PREIENT, A WARM-UP TIME Or 16 M I N U T E 8  W A L L  IC PCRMITTCOI 
IF NO EXPLOSION REIULTS,  A I R  SHALL I C  ADMlTTtO INTO THC 
CHAMBER 10 A 8  TO S T L A O I L Y  RhDUGr THC ALTITUDC DOWN P A W  
THE D E S l R C O  TC3T ALTlTWOL T O  AN L L C V A T I O N  O f  bcOOO FELT 
BfLOW THAT ALTITUOC OR A& G L O W  THERETO AS PLRMITTCD 

TEST I T E M  SHALL BE CONTfNUOUb THROUaHOUT l"18 P L R l O D  
OF ALTITUDE REDUCTION AND ALL M A t t l N a  AND BRCARINQ 
ELLCTRICAL CONTACT8 SHALL BE OPCRATLD A 8  fRLQUENTLY 
AS FO$Sl@LLr 

B Y  LOCAL GROUND LeveL ALTITUDE. THE OPER'ATION OF THE 
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*I e EXPLOSION - CONTINUED 

REQUIREMENT: - CONTINUED 

MIL-E-SZ?ZC(ASG) - CONTINUED 

4.13.4.3 - CONTINUED 

(4) IF BY THE T I M E  THE SIMULATED ALTITUDE HAS BEEN RLOUCED 
T O  5,mo +-EFT BELOW THE TEST ALTITUDE, NO EXPLOSION 
HAS OCCURRED AS A RESULT OF OPERATION OF THE EQU1PMCN.T 
U N D E R  TEST, THE POTENTIAL EXPLOSIVENESS OF THE AIR-VAPOR 
MIXTURE SHALL AGAIN BE V E R I F I E D  BY A SAMPLING METHOD 

THE AIR-VAPOR MIXTURE I S  NOT FOUNC TO BE EXPLOSIVE AT T H I S  
WHICH HAS SEEN APPROVED B Y  THE PROCURINQ A C T I V I T Y .  I f  

TIME) THE TEST SHALL BE CONSIDERED VOID AND THE ENTIRE 
PROCEDURE REPEATED. 

0 .  THE ABOVE-DESCRIBED T f S T  SHALL BE ACCOMPLISHED AT SIMULATED 
TEST ALTITUDES O f  LOCAL QROUNO LEVEL TO 5,000 FEET) 10,000~ 
2o,ot?cI, ~ , ~ ,  40,000, AND !%,ooo FEET, UNLESS AN EXPLOSION 
IS  &&USEE 8 Y  THE TEST ! T c M  OURING P TEST, I N  WHICH CASE THE 
z - ~ e a  S Y A L C  aE CONSIDEREP T O  H A V E  F A I L E D  T O  PASS THE TEST AND 
~3 C ~ ~ F T N E R  TRIALS NEEO EIS ATTEMPTED*" 

PROCfDbRE . T r i s  T E S T  M A S  P E R F O R M E D  . N  ? QDANCE U f T H  THE R E Q U l R E M E N T S  O F  

A T  E A C H  A L ~  , T U D E ,  THE. S A M P L E  W A S  E N E R G I Z E D  A N D  X E N E R G I Z E D  T E N  T I M E S .  CHAMBER 

- 
M l i - E - 5 2 7 2 C a  c U 9 i N G  7 4 F  T E S T  THE S A M P L E  W A S  L V C R G I Z E D  W I T H  115 VOLTS, 60 CPS. 

T E M D E R A T U P E  W A S  h & i N T A  :?<ED 47 160k5"f 

! G  M E A S U R E  SYMBOL A P F A R A T U S  

AMB I t  NT rEWDERATURE T A  "F : J N I T E D  C O N T R O L S  TEMPERATURE GAGE, 
RTL NO. F-7062, 01350 x 5°F 

BAROWETI? I L a ~ < ~ ~ ~ ~ ~ ~  P R E S S  6 i V . & i  L! s *  W E A T P E R  BUREAU 

GAGE PRESSURE P R E S S  1 N.  HG M E R  I A M  MERCURY MANOMETER, 

A B S O L U T E  PRESSURE PA IN.& + k ~ ~ J . . . P . - : Z r ) .  f'P 7 P k E S s  9 - P q E s q  c- 
R T ~  NO. 2903, 0/25  x 0.1 INCH 

l N P U T  V O L T A G E  TO 

5, A $4 P t E E V O L T  QIJPL I T V  E L ~ C T P ~ C ,  MODEL 10, S . N e  3044, 

I ' 'PLjl FPEC - F ~ C  Y F.i rg c p q  C O Y M F R C  i P C  L. I ME FREQUENCY 
O j 1 5 0  X 2 V O L l S  A . C .  
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‘ . t  n i r v r 1  

EXPLOS I VE V/IPORY 

ADDED; S A M P L E  

O P E R A T E D ;  NO 

E X P L O S  I O N  6 

E X P L O S I V E  V A P O R :  

AODED; SAMPLE 

O P E R A T E D ;  NO 

E X P L O S I O N .  

E X P L O ~  ! V C  VPPOR 

ADDED; S A M P L E  

O P E R A T E D ;  NO 

E X P L O S  I O N .  

EXPL.05 I V F  V A P O R  

A D D E C ;  SP‘MPLE 

O P E R A T C D ;  NO 

E X P L O S  I O N  c 

E X P L O S  I v E  VAPOR 
b G O L D ;  SAMPLE 

O P E R A T E D ;  NO 

E X P L O S  I O N  L 
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1 . EXPLOSION I CONT INUED 

S ; ~ W L E  7 M E T  -:HE R E Q U I R E M E N T  O F  THE E X P L O S I O N  TEST. 

A L S E R T  G .  K L E ~ N K N E C H T  


